Abstracts: Clinical data of workers (40-69 yrs) operating chain saws for a ten-year period from 1986 to 1995 were analyzed to assess the evaluation standard of finger skin temperature for a cold provocation test (10°C 10 min). Screening points of finger skin temperature for screening 191 workers with a vibration induced white finger (VWF) were obtained from receiver operating characteristic (ROC) curves. The screening points at 5 min and 10 min after a cold provocation were approximately equal to 50th percentiles of 217 workers with no symptoms (NS group). The screening points of recovery rates at 5 min and 10 min after a cold provocation almost agreed with 50th percentiles in NS group. A new evaluation standard was prepared in reference to these screening points and finger skin temperatures by fraction in NS group. The new one will be useful for the health care of workers operating vibrating tools under present working conditions.
Subjects and Methods

Subjects
Subjects were male chain saw workers who took special medical examinations on vibration syndrome between 1986 and 1995, and public service workers in Wakayama Prefecture who took special medical examinations on vibration syndrome in 1996. The special medical examinations on vibration syndrome in Wakayama Prefecture were enforced in the winter season (December-February). A questionnaire on working careers, working conditions and physical examinations of the subjects was used as one of the clinical data.
The subjects were limited to those in the 40-69 year age group in this report. The subjects were classified into 4 groups. If a subject had a vibration induced white finger (VWF) on either hand, he was assigned to the Raynaud (R) group. If a subject had numbness without a white finger on either hand, he was assigned to the Numbness (N) group. A subject who had no symptoms of a white finger and numbness on either hand, was assigned to the No-Symptoms (NS) group. A subject who did not operate any vibrating tools among the public service workers, was assigned to the Control (C) group. As a result, the number of subjects was 191 subjects in R group, 280 subjects in N group, 217 subjects in NS group and 40 subjects in C group. Table 1 shows the age distribution of the subjects in each group. The mean age of the subjects was 59.4 years old in R group, 58.6 years old in N group, 56.4 years old in NS group and 53.1 years old in C group. There was no significant difference among these mean ages. The mean operating careers of a chain saw were 1.8.6 years in R group, 18.5 years in N group and 15.9 years in NS group. To identify a VWF, a physician asked a subject in detail the site, the frequency and the factors inducing a VWF. Furthermore, the physician confirmed the diagnosis of a VWF by showing the subject a photograph of the typical white finger. In this report, a subject who was identified to have a VWF was assigned to R group.
Cold provocation test using 10°C 10 min method
The primary medical examination and the secondary medical examination were made on the basis of the notifications of Japanese Ministry of Labour3~. The cold water temperature was 10°C. The room temperature was set at 20-24°C. Finger skin temperature was measured at the palmar distal phalanx of the 3rd finger using a thermistor thermometer (Takara, HD-111).
Recovery rate of finger skin temperature The more severe a VWF becomes, the more slowly finger skin temperature (FST) recovers'. To examine the recovery process of finger skin temperature, recovery rates of finger skin temperature at 5 min and 10 min after a cold provocation were calculated from the following formula; 
Results
The mean values of finger skin temperature and recovery rates are shown in Table 2 . The mean value in R group at immediately after a cold provocation was significantly higher than that in C group, but the mean values in R group at 5 min and 10 min after a cold provocation were significantly lower than those in C group. Those in N group and NS group at immediately after a cold provocation were also significantly higher than those in C group. Recovery rates in R group, N group and NS group were significantly lower than those in C group. The mean values in R group before and after a cold provocation were significantly lower than those in NS group.
The ROC curve was drawn so that a screening point of finger skin temperature may be obtained for screening R group and N group from other groups. Figure 1 shows false positive rate-sensitivity curves from recovery rates of finger skin temperature at 5 min after a cold provocation for screening R group and N group from other groups.
The screening points of recovery rate were 25% in both curves. The screening points of finger skin temperature before and after a cold provocation, and recovery rates at 5 min and 10 min after a cold provocation, are shown in Table 3 .
Interquartile ranges of finger skin temperature before and after a cold provocation and recovery rates at 5 min and 10 min after a cold provocation are shown in Table 4 . The screening points of recovery rates at 5 min and 10 min after a cold provocation for screening R group were 25% and 39% (Table 3) . Those values almost agreed with 50th percentiles in NS group in Table 4 . The screening points of finger skin temperature at 5 min and 10 min after a cold provocation for screening R group were also approximately equal to 50th percentiles in NS group. Table 5 shows finger skin temperature and recovery rates by fraction in NS group and the screening points. provocation test using the 5°C 10 min method4-6~ and the 10°C 10 min methods' 6' 9-'7 The backgrounds of these evaluation standards are not entirely clear. These evaluation standards were based on results reported by various researchers investigating symptoms and the severity of disorders from the clinical data of medical examinations on vibration syndrome4-6~. However, a reliable calculation method to obtain an evaluation standard was not made clear. Sakakibara et al)2~ calculated rejection limit values at unilateral 2.5%, 5% and 10% level of chain saw workers who had no symptoms. Saito14~ showed the mean values, standard deviations, medians and 95% confidence limit values of chain saw workers who had no symptoms. These are not evaluation standards that are based on clinical symptoms and findings.
We have focused attention on a VWF (Raynaud phenomenon), which is a typical finding of the peripheral circulatory disturbance in vibration syndrome. Finger skin temperature for diagnosis of a VWF was evaluated to establish an evaluation standard for the 10°C 10 min method. The screening points for screening workers who have a VWF were obtained from the ROC curves, which show the accuracy of screening. The screening points for screening workers who have numbness were also obtained. These screening points appropriately screen workers who have symptoms.
Screening points and various evaluation standards
The screening points for screening R group from other groups were compared with the interquartile range in R group, N group, NS group and C group. Those of recovery rates at 5 min and 10 min after a cold provocation almost agreed with 50th percentiles in NS group. Those of finger skin temperature at 5 min and 10 min after a cold provocation were approximately equal to 50th percentiles in NS group. Sakakibara et al. 12) analyzed finger skin temperature of forestry workers under 50 years old who had little or no experience of working with chain saws and no symptoms, and reported the rejection limit values at unilateral 2.5%, 5% and 10% level. These values can not be directly compared Table 4 . Interquartile ranges of finger skin temperature and recovery rate in each group Table 5 . Finger skin temperature and recovery rates by fraction of NS group and screening points with our results. Tenth percentiles in NS group in this report, however, approximated to the rejection limit values at the 10% level. Saito14> examined finger skin temperature of 274 chain saw workers who showed no abnormality and reported the mean values, standard deviations, medians and 95% confidence limit values at intervals of 10 years of age from 20 to 69 years. His medians and 95% confidence limit values were higher than those in NS group in this report.
When compared with the evaluation standard of Iwata6~, their median values of finger skin temperature were lower than those of ours except before a cold provocation.
New evaluation standard
A new evaluation standard shown in Table 6 is established by judging the screening points, finger skin temperatures by fraction in NS group and various evaluation standards. The finger skin temperatures in NS group also should be evaluated to establish evaluation standard values, because NS group had a history of exposure to vibration as long as R group and no symptoms. The Evaluation Standard Value I comes from the screening points or 50th percentiles. The Evaluation Standard Value II 25th percentiles, the Evaluation Standard Value III 10th percentiles. Here, A zone, B zone, C zone and D zone correspond to -, +, ++ and +++ or 0, 1, 2 and 3 of the conventional evaluation standards.
To examine the accuracy of screening by the new evaluation standard, finger skin temperature was measured using subjects other than those used for establishing the new evaluation standard. Finger skin temperatures of 28 forestry workers who had a VWF among workers operating vibrating tools were plotted (Fig. 2) and evaluated by the new evaluation standard. The Evaluation Standard Value I resulted in 5 (17.9%) false negative before a cold provocation, 6 (21.4%) at immediately after, 5 (17.9%) at 5 min and 10 min after a cold provocation. The false negative rates that those who have a VWF are judged as normal are lower by the new evaluation standard than by the evaluation standard of Iwata6~. The conventional evaluation standards are severe for workers who operate vibrating tools under present working conditions. They are suitable for detecting workers who have a VWF, but lead to high false negative rates. It is, however, important not to overlook the workers who had a symptom, to decrease the false negative rate, in the preventive medical examination for the purpose of the health care of workers operating vibrating tools under present working conditions. The new evaluation standard in this report, which shows the higher accuracy of screening, will be useful.
The new evaluation standard in this report was established from the screening points and the finger skin temperature by fraction in NS group. Each ROC curve does not necessarily show the high accuracy of screening R group. This may be partially due to the C group. The mean value of finger skin temperature in C group at immediately after a cold provocation was lower than the other groups. This might be due to the different conditions of special medical examinations in C group (ex. examination places, tools for a cold provocation and examiners) from the other groups.
To screening R group accurately, some supplementary medical examinations should be used. However, it may be meaningful that the screening points for screening a VWF, the most characteristic symptom and finding on vibration syndrome, are used for establishing an evaluation standard.
ISO18~ has tried to establish an international standard for a cold provocation test as a peripheral circulatory function test in vibration syndrome since 1996. The normalization of an evaluation standard is now open for discussion. Domestic and international discussion of the method and evaluation standard for a cold provocation test are expected. The new evaluation standard proposed in this report should also be discussed.
